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Abstract
Background: Familial hypercholesterolaemia (FH) is a genetic condition characterised by elevated levels of low-
density lipoprotein cholesterol (LDL-C) and an increased risk of cardiovascular disease (CVD). Following dietary and
physical activity guidelines could help minimise this risk but adherence is low. Interventions to target these
behaviours are therefore required. A comprehensive understanding of the target behaviours and behaviour change
theory should drive the process of intervention development to increase intervention effectiveness and scalability.
This paper describes the application of a theoretical framework to the findings of a qualitative evidence synthesis
(QES) to inform the content and delivery of an intervention to improve adherence to dietary and physical activity
guidelines in individuals with FH.
Methods: The Behaviour Change Wheel (BCW) was used to guide intervention development. Factors influencing
dietary and physical activity behaviours were identified from an earlier QES and mapped onto factors within the
BCW. A comprehensive behavioural diagnosis of these factors was conducted through application of the theoretical
domains framework (TDF). Using these data, the most appropriate intervention functions and behaviour change
techniques (BCTs) for inclusion in the intervention were identified. Decision making was guided by evaluation
criteria recommended by BCW guidance and feedback from individuals with FH.
Results: Factors influencing dietary and physical activity behaviours mapped onto twelve of the fourteen TDF
domains, with seven intervention functions deemed suitable to target the domains’ theoretical constructs. Twenty-
six BCTs were identified as being appropriate for delivery within these functions and were included in the
intervention. For instance, within the enablement intervention function, the BCT problem solving was incorporated
by inclusion of a ‘barriers and solutions’ section. Guided by evaluation criteria and feedback from individuals with
FH, the intervention will be delivered as an hour-long family-based appointment, followed up with four telephone
calls.
Conclusions: The novel application of the BCW and TDF to the results of a QES has enabled the development of a
theory and evidence informed behaviour change intervention. This systematic approach facilitates evaluation of the
intervention as part of an ongoing feasibility trial. The transparent approach taken can be used to guide
intervention development by researchers in other fields.
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Background
Heterozygous familial hypercholesterolaemia (FH) is a gen-
etic disorder characterised by elevated levels of low-density
lipoprotein cholesterol (LDL-C) [1] leading to a substan-
tially increased risk of cardiovascular disease (CVD) [2].
Despite pharmacological treatment, many affected individ-
uals remain at a higher CVD risk than the general popula-
tion [2–4]. Affecting 1 in 250 individuals worldwide [5],
this excess CVD risk is a recognised public health concern
[6]. Non-attainment of LDL-C treatment targets and the
presence of other CVD risk factors account for a substantial
proportion of this excess risk [7–9]. In light of the proven
benefits of a healthy diet and physical activity upon CVD
risk factors in the wider population [10, 11], current FH
management guidelines emphasise the importance of diet-
ary and physical activity treatment guidelines [12, 13]. How-
ever adherence has been found to be sub-optimal [14–16]
and given the potential positive impact of this component
of treatment, effective interventions designed to improve
these behaviours in individuals with FH are required. This
paper describes the development of a theoretically informed
behaviour change intervention to improve adherence to
dietary and physical activity treatment guidelines in individ-
uals with FH.
To develop an effective and scalable intervention, a com-
prehensive understanding of the target behaviours and the
factors influencing them is required. The specific interven-
tion content designed to bring about behaviour change (i.e.
the active ingredients) should be driven by theory and take
into account situational contexts in which the intervention
will be delivered and received [17, 18]. Several aspects of
FH, an inherited condition, contribute to a unique context
that determines the extent to which these individuals with
FH will engage in physical activity and dietary behaviours.
These include its asymptomatic nature if compliant with
treatment, comparisons with high cholesterol levels caused
by lifestyle factors alone, lifelong treatment, outpatient
management with infrequent contact with healthcare pro-
fessionals and a genetic inheritance pattern resulting in
each affected individual having at least one affected parent
[16]. Due to these several interacting components and the
multiple behaviours required to be targeted, the develop-
ment of a complex intervention is required [17, 18]. While
complex interventions are common within health research,
it is often difficult to evaulate their effectiveness due to the
presence of several, often interacting, components [19, 20].
This limits the ability to refine and improve interventions
that are ineffective or replicate effective intervention in
other contexts [19, 20]. To overcome this recognised prob-
lem in health research, The Medical Research Council
(MRC) framework for the development and evaulation
of complex interventions advises that intervention de-
velopers should apply a systematic and transparent ap-
proach when designing complex interventions [17].
In the guidance, the MRC recommends including the-
ory in the development of complex interventions, how-
ever it does not specify which of the many theories of
behaviour change should be used or how the most ap-
propriate theoretical model should be selected [17, 18].
In the absence of a theoretical evaluation and under-
standing of the target behaviour(s) within the FH popu-
lation to guide the selection of a theoretical model, any
one theory chosen may not encompass all the relevant
theoretical constructs required to bring about effective
behaviour change and/or include unnecessary constructs
[21]. The current lack of theoretical understanding of
how having FH influences behaviours could explain why
a previous behaviour change intervention to improve the
dietary intake and physical activity levels of individuals
with FH was unsuccessful [22, 23]. The intervention
used in the trial was developed using the I-Change
model of behavioural change [22, 23]. While this model
has been successfully applied to understand sunscreen
use in adolescents [24], its failure to elicit the desired
changes in dietary and physical activity behaviours sug-
gest it might not have been suitable to address the rele-
vant theoretical constructs in an appropriate way for the
context of FH. To date there are no other published
evaluations of behaviour change interventions conducted
in FH cohorts. Within cohorts of individuals with other
chronic conditions, interventions have had limited suc-
cess in improving lifestyle behaviours [25, 26]. Further-
more, previous interventions that targeted healthy eating
and physical activity behaviours have rarely used theory
and when they have, it was inadequately reported mean-
ing the effectiveness of any theoretical model applied is
hard to determine [27–29].
The Behaviour Change Wheel (BCW) (Fig. 1) was cre-
ated in recognition of the fact that while there are many
important drivers of behaviours, no single theoretical
framework recognises them all [31]. The BCW integrates
19 behaviour change frameworks, linking them to a
model which is broad enough to be applied to any type
of behaviour across a variety of settings, negating the
need to select one specific theoretical approach [31].
Utilising the BCW enables the subsequent identification
of appropriate behaviour change techniques (BCTs) to
target the theoretical constructs that may potentially in-
fluence the target behaviours [30]. The ‘COM-B model’
of behaviour upon which the BCW centres, depicts be-
haviours as being the result of interactions between ‘cap-
ability’, ‘opportunity’, and ‘motivation’. This model is
intended to guide identification of the sources of behav-
iour to target in interventions. The second layer of the
BCW displays the intervention functions to target the
COM-B components (e.g. education) and the third layer
comprises of policy categories that could be used to de-
liver interventions (e.g. regulation). The application of
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the BCW facilitates a systematic and explicit approach to
the design and reporting of the development of a complex
intervention, in line with MRC guidance [17]. This allows
an in depth evaluation to understand how and why an
intervention had an effect, which facilitates refinement if
required or replication in other settings [20, 32, 33].
The application of the BCW as a framework to inte-
pret primary qualitative research findings to inform
intervention development and identify BCTs has been
widely reported across a variety of settings [34–36].
However, to our knowledge it has not been used to
design an intervention to target dietary or physical activ-
ity behaviours in children and adults with FH. Further-
more, published examples of intervention development
processes that utilised the BCW approach upon qualita-
tive evidence synthesis (QES) findings, as opposed to
primary qualitative research, have rarely been described
[37]. QES can overcome the limitations of single qualita-
tive research studies, from which findings may have
limited transferability outside the sample in which they
were conducted [38], increasing the potential acceptabil-
ity, effectiveness and scalability of the intervention devel-
oped [37]. Analysing the findings of the QES using the
BCW produces a deeper theoretical understanding of
the identified barriers and faciltators and the subse-
quent identification of appropriate BCTs [27].
This paper describes the development process of a
complex behaviour change intervention which is cur-
rently being evaluated as part of a randomised controlled
feasibility trial (ISRCTN24880714). This paper will de-
scribe how the BCW was used to provide theoretical
context to the findings of a QES to a) inform the content
of the intervention, including selection of appropriate
BCTs and b) identify the most appropriate mode of de-
livery. This process can be adopted by other healthcare
professionals or researchers who wish to design effective
interventions combining both patient understanding of
their disorder and theoretical guidance.
Methods
The feasibility trial
The intervention was developed for use in a research
trial investigating the feasibility and acceptability of de-
livering an intervention aimed at reducing cardiovascular
risk factors in individuals with FH through improving
adherence to currently recommended dietary and phys-
ical activity treatment advice, described in full elsewhere
(ISRCTN24880714). The trial aims to address the find-
ings of recent systematic reviews which have highlighted
the lack of evidence investigating the efficacy of providing
this advice upon the management of CVD risk factors in
this population group [39, 40]. Given the available research
Fig. 1 The Behaviour Change Wheel. The sources of behaviour are shown in green, the intervention functions in red and the policy categories in
grey. Reproduced from Susan Michie et al. [30]
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suggesting that adherence to dietary and physical advice is
sub-optimal [14] and the lack of success of a previous inter-
vention in individuals with FH [23, 41], a theory informed
behaviour change intervention tailored to the specific
drivers of behaviour within individuals with FH is required.
The intervention development process described here was
carried out prior to its subsequent utilisation in the feasibil-
ity trial, in which the acceptability and potential effective-
ness of the intervention is to be evaluated.
Overview of the BCW approach to intervention
development
Members of the research team (FJK, EW, AS) followed
the recommended stages and steps of the widely used
BCW approach [31] in the development of the interven-
tion described below and displayed in Fig. 2. The ap-
proach involves seven steps which are best understood
within 2 broad stages: 1) Behavioural diagnosis and 2)
Identifying intervention content and implementation
options. This step by step process was conducted
through a series of team meetings which were structured
by the guidance provided by the developers of the BCW
approach [30]. This guidance provides worksheets and
case studies to assist researchers in their translation of
the findings at each step of the process. The research
team applied the BCW recommended APEASE criteria
(affordability, practicality, effectiveness and cost effect-
iveness, acceptability, side-effects/safety and equity) [42]
to assist with decision making regarding intervention
content and delivery method. This facilitated evaluation
of the appropriateness and suitability of the identified
functions, BCTs and intervention delivery modes within
the context of the feasibility trial in which the interven-
tion was to be delivered. For each step, the research
Fig. 2 Flow diagram of the steps followed in the development of the intervention
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team met to discuss their individual findings, before
reaching a group consensus. Additional members of the
research team involved in the feasibility trial (FEL, JHS,
GB, DS, AT) also provided input and feedback through-
out the development process.
The qualitative evidence synthesis (QES)
In the development of this intervention the BCW approach
was applied to the results of a previously conducted qualita-
tive evidence synthesis (QES) [16, 43]. The aim of this QES
was to identify the enablers and barriers faced by individ-
uals with FH in relation to adhering to lifestyle (dietary and
physical activity guidelines) and pharmacological treatment.
The results were translated into pragmatic recommenda-
tions for clinical practice i.e. Treatment advice to be
provided in family-based clinics. For the purpose of inter-
vention development, in this current approach, the identi-
fied enablers and barriers were examined in more depth
using the BCW approach. This allowed for exploration of
the theoretical determinants of the identified enablers and
barriers and identification of the individual and environ-
mental changes required to bring about change in the
target behaviours. Members of the current research team
(FJK, EW, AS) also undertook the QES analysis and were
therefore familiar with the primary data included in the
synthesis and the descriptive and thematic themes gener-
ated. For further details of the methodological approach
taken when carrying out the QES and a richer description
of themes uncovered, readers are directed to the published
protocol and results [16, 43].
Stage 1: Behavioural diagnosis
The first two steps within this stage aim to help the re-
search team to define the behavioural problem(s) that
the intervention aims to change before selecting and de-
tailing the specific behaviour(s) to target. The third step
involves a behavioural analysis to identify what needs to
change to bring about the desired change in the target
behaviour(s). These could be factors that need to change
within the person and/or their environment.
Step 1: define the problem in behavioural terms & select
target behaviour(s)
The research team reviewed and discussed the QES find-
ings relating to the problem that the intervention is be-
ing designed to address: poor adherence to the dietary
and physical activity guidelines for individuals with FH.
Specifically, the research team considered the behaviours
involved with dietary choices to achieve the current rec-
ommended dietary and physical activity guidelines for
individuals with FH which are [10, 13, 44]:
1. Total daily fat intake ≤30% of total energy intake (TEI)
2. Daily saturated fat intake of ≤10% TEI achieved via
replacement of saturated fats with
monounsaturated and polyunsaturated fats
3. Daily dietary cholesterol intake ≤300 mg
4. Consumption of ≥5 portions of fruit and
vegetables a day
5. Age appropriate fibre intake: 10-year-olds = 20 g/
day; 11–16 year-olds = 25 g/day and 30 g/day for
≥17 years
6. 2 g of plant stanol/sterols per day
7. Reduce time spent engaged in sedentary behaviors
8. Age appropriate physical activity levels:
a. Adults aged 19–64 years: ≥ 150 min a week of
moderate intensity physical activity or ≥ 75 min of
vigorous intensity physical activity, or a mixture of
the two. Additional activity focussing on improving
muscle strength should be undertaken twice a week.
b. Young people aged 5–18 years: ≥ 60 min of
moderate-to-vigorous physical activity each day,
with 3 of these sessions each week being of vigorous
intensity and including activities that strengthen
muscle and bone.
Step 2: specify the target behaviour(s)
To gain a deeper understanding of the target behaviours
the research team considered and discussed the follow-
ing aspects in relation to the target behaviour: which in-
dividuals need to engage in the behaviour; what they
need to do differently to enable the behaviour change;
when, where, who with and how often they will engage
in the behaviours.
Step 3: identify what needs to change
This step involves identifying what needs to change in
the individual and/or the environment in which they live
to bring about the desired changed in behaviour. This
was achieved by carrying out a COM-B analysis based
upon the findings of the QES. In this analysis, each
component of the COM-B model of behaviour change
(shown in green in Fig. 1) is considered in relation to
the target behaviour. To facilitate a deeper understand-
ing of the behaviour, the research team carried out a
further behavioural analysis on the COM-B components
identified as relevant. This was carried out using the
Theoretical Domains Framework (TDF), which is an ex-
tension of the COM-B model. The TDF is comprised of
14 theoretical domains (e.g. behavioural regulation)
which summarise the theoretical constructs from 33 the-
ories of behaviour change [21]. The 14 domains have
been linked to the COM-B model components (Table 2)
and provide a framework for a more comprehensive be-
havioural diagnosis to identify the drivers of behaviours
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and to guide the subsequent identification of suitable
intervention functions that can be used to promote
change in these behaviours. The TDF has been validated
for use as a method of theoretically assessing health
behaviours to inform intervention development [21].
The COM-B and TDF analysis was carried out in 4
stages:
1. Examination of the QES data (descriptive and
thematic themes) to identify other relevant and/or
more specific, factors influencing the target
behaviours
2. Identified factors were coded to their relevant
COM-B component(s): physical capability,
psychological capability, physical opportunity, social
opportunity, reflective motivation and automatic
motivation
3. Each COM-B component deemed to be relevant
(i.e. had at least one factor coded to it) was then
taken forward to be explored in more depth
through consideration of the TDF domains it is
linked to
4. The relevance of each identified TDF domain was
then considered in relation to the identified factors.
These four stages identified the relevant psychological
domains to be considered for targeting in the intervention.
Stage 2: identifying intervention content and
implementation options
This stage involves using the results of the behavioural
diagnosis carried out in Stage 1 to guide decisions re-
garding the content and delivery of the intervention.
This involves first selecting suitable intervention func-
tions (e.g. Education, incentivisation) and policy categor-
ies (e.g. guidelines, legislation). (Fig. 1) Based upon these
decisions, suitable BCTs are identified for inclusion in
the intervention before finally deciding upon a suitable
mode of delivery.
Steps 4 & 5: identify intervention functions and policy
categories
Firstly, the intervention functions (Fig. 1) most suited to
target the theoretical domains identified in the COM-B
and TDF behavioural analysis carried out in stage 1,
were selected using established links between TDF do-
mains and intervention functions [31]. The identified
intervention functions suitable in the context of the tar-
get behaviours were then considered using APEASE cri-
teria which allowed for evaluation of the appropriateness
and suitability of the identified functions for incorpor-
ation into the intervention.
Secondly, the seven policy categories (Fig. 1) were then
considered using APEASE criteria to identify the categories
best suited to deliver the identified intervention functions
within the resource constraints of the feasibility trial.
Step 6: identify behaviour change techniques
A behaviour change technique taxonomy (BCTTv1)
comprised of 93 individual BCTs (e.g. goal-setting), has
previously been developed and validated [45]. To guide
the identification of all the suitable BCTs from this
taxonomy, a table of BCTs appropriate for each inter-
vention function was consulted as suggested in the BCW
guidance [42]. The suitability and potential efficacy of
each identified BCT was then considered, guided by
APEASE, to produce a final set of BCTs for inclusion in
the intervention.
Step 7: identify the mode of delivery
The final step involves considering the following in rela-
tion to intervention delivery: content, provider, recipients,
intensity, duration and fidelity. The various potential
modes of intervention delivery were considered using the
APEASE criteria to assess the options that would be suit-
able within the constraints and resources of the feasibility
trial. The potentially suitable options were then presented
to 9 individuals with FH (3 young people and 5 parents) at
a patient and public involvement (PPI) which was held as
part of the feasibility trial development. Feedback was elic-
ited through open discussion, facilitated by a member of
the research team (FK). The feedback obtained was con-
sidered by the research team and changes made to the de-
livery of the intervention.
Results
Stage 1: Behavioural diagnosis
Step 1: define the problem in behavioural terms & select
target behaviour(s)
In general, in the accounts of individuals with FH as
captured within the QES synthesis, their dietary or phys-
ical activity behaviours are not discussed in the level of
detail that the current recommendations are provided.
For example, individuals referred to their overall diet,
instead of their fat or fibre intake. In recognition of this,
these component behaviours were condensed into two
broader behavioural targets which were selected as the
targets of the intervention: diet and physical activity.
Step 2: specify the target behaviours
The target behaviours were specified in detail and the
results are displayed in full in Additional file 1 and a
brief summary given below.
As FH is chronic condition, the behaviours will need
to be performed by individuals or guided by parents
every day of their life, starting from the day of their diag-
nosis which can be at any age from birth. Dietary and
physical activity behaviours are performed several times
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a day, in a variety of different situations, both individu-
ally and with others. Consequently, the subsequent be-
havioural analysis will have to take into consideration
the diverse contexts in which individuals will be en-
gaging in these behaviours. A unique consideration for
individuals with FH is that they have both unaffected
and affected family members – with whom they may be
living with and therefore potentially engaging in the be-
haviours together. This may be especially relevant for
children and young adults for whom parents are largely
responsible for making dietary choices on their behalf
and preparing most meals. Parents also exert influence
upon their children’s engagement with physical activities
in terms of transportation, financial and scheduling
considerations.
Step 3: identify what needs to change
Within the data from the QES, in their accounts of man-
aging their FH, individuals infrequently discussed their
dietary behaviours in detail and rarely referred to their
physical activity behaviours in isolation. Most often, in-
dividuals referred to their attempts at living a ‘healthy
lifestyle’ which encompasses both behaviours. This made
it difficult to differentiate between factors influencing
dietary and physical activity behaviours. Therefore, in
the reporting of the analysis of the QES findings (dis-
played in Table 1), factors influencing ‘lifestyle behav-
iours’ have been reported which refer to individuals
engagement with both dietary and physical activity treat-
ment guidelines. For instances when it was clear that a
factor was related to only the dietary or only the physical
activity behaviour, this is specified.
In the subsequent behavioural analysis, all components
of the COM-B model were deemed to be relevant and
therefore all domains of the TDF were considered in rela-
tion to the factors influencing lifestyle behaviours identi-
fied from the QES. Twelve of the fourteen TDF domains
were found to be relevant for inclusion as targets of the
intervention, as detailed in Table 2.
Stage 2: identifying suitable intervention content and
implementation options
Steps 4 & 5: identify intervention functions and policy
categories
Seven of the nine intervention functions were identified
as being appropriate to target diet and physical activity
behaviour change in the current population and after
consideration of the APEASE criteria, four were deemed
to be suitable for inclusion: Education, training, enable-
ment and persuasion. Additional file 2 displays the de-
tails of the APEASE evaluation carried out on the seven
candidate intervention functions.
Guided by the policy categories suggested by the BCW to
deliver each of the four identified intervention functions, all
seven category options were found to be suitable. After
consideration of APEASE criteria, guidelines and service
provision categories were identified as being suitable for de-
livering the intervention functions in the context of the
feasibility trial (ISRCTN24880714). ‘Service provision’ will
be in the format of setting up a dietetic service to deliver
Table 1 Full list of factors influencing target behaviour
uncovered from the QES
List of specific factors influencing target behavioura
Young adults struggle to adhere to dietary guidelines when they leave
home as they lack the skills to prepare suitable meals themselves
Individuals learn lifestyle behaviours from their parents
Lifestyle behaviour habits developed in childhood continue into
adulthood
Inadequate and/or incorrect knowledge of lifestyle guidelines
Young adults struggle to transition to self-manage condition when they
leave home as they lack the knowledge about lifestyle guidelines
Individuals disregard the role of lifestyle guidelines in the management
of their FH, especially when receiving medication
Individuals find it hard to adhere to the lifestyle guidelines, engaging in
behaviours that are not in line with guidelines
Individuals find it easier to engage in the desired lifestyle behaviours
when other family members are engaging in the behaviours too
Parents concerned about health of their child change their behaviours
to facilitate the attainment of lifestyle guidelines by the whole family
Individuals find it easier to regulate lifestyle behaviours if they have
been engaging in them from a young age as they have become habits
Having practical resources and support to help/guide adherence to
lifestyle guidelines
Individuals faced with other life events (such as illnesses, family
bereavement and work/school pressures) do not feel they have the time
to focus on engaging in lifestyle behaviours
Individuals report not being able to adhere to dietary guidelines due to
lack of availability of healthy foods and/or high costs of foods
Individuals find it difficult to adhere to dietary guidelines when in social
situations as they don’t want to draw attention to their condition and
eat differently from their peers
Lack of confidence in ability to adhere to lifestyle guidelines as they are
perceived to be difficult to follow particularly in certain situations e.g.
social occasions, when living independently or when faced with other
events in life
Individuals do not feel FH poses a great risk to their health
Young people who have not experienced symptoms do not believe
that non-adherence with lifestyle guidelines poses risk to their health
Receiving a formal diagnosis of FH motivates individuals to commence
or continue to engage with lifestyle behaviours
Being actively involved with setting goals for themselves and their
children
Individuals become incentivised to look after their health and engage in
lifestyle behaviours when they become responsible for other people e.g.
when they become parents
a Lifestyle guidelines and lifestyle behaviours refer to both dietary and physical
activity guidelines or behaviours unless specifically stated to refer to dietary or
physical activity guidelines or behaviours
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Table 2 COM-B and TDF analysis of the identified target behaviours influencing adherence to dietary and physical activity
guidelinesa
COM-B TDF Domain Relevance of domain Appropriate
intervention
function(s)
Behaviour
change
technique(s)
Description of how behaviour change technique
will be incorporated into intervention
Physical
capability
Physical skills Individuals lack the skills
to be able to prepare
suitable meals especially
for those who are gaining
independence during
critical periods of
transitioning i.e. to live
away from home for
university
Training Instruction on
how to
perform
behaviour
Advise individual how to modify current cooking
techniques to fit with dietary guidelines i.e. baking
instead of frying.
Demonstration
of the
behaviour
Individual to be signposted to resources which
can aid with demonstration of the behaviour i.e.
step by step recipe videos or pictorial guides and
parents encouraged to demonstrate cooking skills
to CA
Behavioural
practice/
rehearsal
Prompt individual to practice cooking during
intervention and adults to encourage CA to
help them
Graded tasks CA to be prompted to help with food preparation -
starting with simple task such as preparing
vegetables, progressing to more complex tasks
until able to prepare entire meal themselves
Parents impart skills of
preparing meals
Adults to be prompted to start cooking meals-
starting with simple recipes and progressing to
more complex ones
Self-monitoring
of behaviour
Individuals asked to record their cooking skills
development progress in weekly reflection diaries
Physiological
capability
Knowledge Individuals lack, or have
incorrect, knowledge of
the guidelines
Education Instruction on
how to
perform
behaviour
Individual to receive detailed verbal and written
information about the lifestyle guidelines and the
chance to ask any questions they have- to prevent
misinformation being passed to CA. Carried out
during initial intervention session and during
follow-up sessions.
Intergenerational
transmission of inadequate
and/or incorrect knowledge
from parent to child
Individuals will receive detailed instructions about
food swaps and cooking methods.
The dietary intake data will be analysed ahead of
intervention to establish any existing eating habits
that are indicative of misinformation i.e. cooking
with coconut oil or eating lots of eggs. This will be
proactively brought up for discussion with
participant.
Behavioural
regulation
People find it hard to
regulate their behaviour
because they perceive the
lifestyle guidelines to be
restrictive and not allow for
consumption of foods they
enjoy (dietary) and hard to
achieve/fit into their lifestyles
(physical activity)
Enablement Self-monitoring
of behaviour
Individuals asked to complete weekly reflection
diaries in which they record whether they have been
able to meet the goals set for lifestyle behaviours
which will be discussed during follow-ups
Goal setting
(behavioural)
Individual prompted to set their own goals which
they feel are achievable-which take into consideration
their food preferences, fitness levels, readiness to
change and lifestyles. The goals will be SMART.
Review
behavioural
goal(s)
All goals will be reviewed at each follow-up session
and, depending on level of achievement, will be
increased or stay the same or a new additional goal
will be created.
Action
planning
Individual will be prompted to develop specific
planning of how they will achieve each goal set i.e.
if increasing fibre intake then the food swap or
additional food to be included in diet will be
specified, along with what meal or snack they will
include it in and how many times per day or week.
Behaviour
substitution
Individual and dietitian to brainstorm other foods
that they enjoy which are more in line with dietary
guidelines which they could choose instead
Prompts and Individual advised to leave intervention booklet in
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Table 2 COM-B and TDF analysis of the identified target behaviours influencing adherence to dietary and physical activity
guidelinesa (Continued)
COM-B TDF Domain Relevance of domain Appropriate
intervention
function(s)
Behaviour
change
technique(s)
Description of how behaviour change technique
will be incorporated into intervention
cues a place where they regularly eat to prompt them
to engage in the agreed dietary goals and set
reminders on phones/fitness monitors to move
regularly
Restructuring
the physical
environment
Advise individual to keep food choices they enjoy
eating, that are in line with the guidelines, in the
house/at work/in car to encourage consumption
of these when they want to eat foods which
aren’t necessarily in line with desired behaviours
Education Information
about
antecedents
Individual prompted to consider specific contexts
in which they find it hard to adhere to dietary
guidelines and identify triggers for this behaviour.
The findings will be addressed in action planning
and problem-solving session of the intervention.
Information
about
emotional
consequences
Dietitian to discuss with individual the potential
improvement in their mood that they could
experience if they choose to engage in dietary
behaviours.
Dietitian to emphasis to individual that if they find
foods that they enjoy that fit the guidelines, they
will also experience the same enjoyment of these
foods as with previous foods
Cognitive &
interpersonal
skills
Not found to be relevant
Memory,
attention and
decision
processes
Individuals who have
developed habits in
accordance with the physical
activity and dietary
guidelines find their
behaviours easier
to regulate since their
actions are less focused
around conscious decisions
and more about habituation
Enablement Identification
of self as a role
model
Parents encouraged to view themselves as role
models for their children and make their behaviours
part of everyday life for their children to help them
foster adoption of healthy habits from a young age.
Behavioural
substitution
Individuals encouraged to set goals that involve
swapping something they currently do everyday
with something that will help them achieve the
guidelines to help establish new healthy habits i.e.
walking to and from work instead of driving or
always having a piece of fruit when they make
their morning cup of tea instead of a biscuit.
Social
opportunity
Social
influences
Easier to follow guidelines
if surrounded by family
members also doing so
Enablement Social support
(emotional)
Dietitian to provide support during follow-up
sessions- individuals advised to keep reflection
diaries to record any emotional difficulties they
have had which can then be discussed at
follow-up.
Individual also encouraged to seek support from the
family member(s) they are taking part in the
intervention with- to view it as a ‘team effort’ and
provide support and encouragement to each other
Individuals do not want to
draw attention to themselves
by eating differently in social
situations
Social support
(practical)
Individuals encouraged to seek support from family
members (including those not taking part in
intervention) and friends if they are struggling to
engage in the behaviours i.e. arranging to go to the
gym with a friend or having partner/sibling help with
food shopping or meal preparation.
Children and young adults
model what parents do
Dietitian will also provide practical support during
follow-up sessions- helping individual to identify
methods to help encourage the behaviour i.e. links
to online resources or suggestions on how they
could obtain practical support from friends or
family i.e. having their parent prepare help make
their lunch
Individuals find it hard to
follow dietary guidelines
when with others due to
social norms around eating.
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Table 2 COM-B and TDF analysis of the identified target behaviours influencing adherence to dietary and physical activity
guidelinesa (Continued)
COM-B TDF Domain Relevance of domain Appropriate
intervention
function(s)
Behaviour
change
technique(s)
Description of how behaviour change technique
will be incorporated into intervention
Identification
of self as role
model
Individual to communicate to parents how
influential their behaviours are to their children
and encourage them to engage in the behaviours
they want their children to.
Young adults feel there is
stigma around disclosure
of their condition and it’s
dietary guidelines
Children also encouraged to view themselves as
role models for their parents, other siblings and
friends. Dietitian to communicate the benefits
engaging in the behaviours could bring to these
significant others.
Problem
solving
During intervention ‘barriers and solutions’ section,
dietitian will encourage individual to think of
situations in which they feel they will struggle to
engage in the desired behaviours (i.e. social
situations) and think of solutions to overcome
these. These will be reviewed at follow-up sessions.
Young adults want to eat
with their friends at fast
food outlets
Restructuring
of physical
environment
Individuals encouraged to socialise with friends
and family in places that facilitate engagement
of desired behaviours i.e. meet in the park or
choose restaurants in which there are suitable
options for them so that they don’t have to draw
attention to their food choices.
Physical
opportunity
Environmental
context and
resources
Lack of available healthy
food easily accessible within
their environment e.g. due
to expense or where people
typically source food
Training Instruction on
how to
perform the
behaviour
The instructions provided from dietitian to
individual will be individualised in terms of their
lifestyles and other conflicting events in life that
demand their focus. The advice given will provide
instructions to individual about how they can
achieve the desired behaviours in their current
context i.e. cheaper options for suggested food
swaps, suggested food swaps one they can obtain
in the current place they shop, easy and quick
options for meals if individual has limited time to
cook and suggestions of PA they can fit into their
current routines such as walking instead of bus/car.
Conflicting events in life
(such as illness or new job)
can reduce their available
capacity/resources/time to
follow the guidelines
Enablement Social support
(emotional)
Dietitian to provide emotional support during
intervention and follow-up sessions- discussing
with them what else is going on in their life and
how this is influencing their ability to adhere to
guidelines.
Individuals also encouraged to seek the emotional
support of friends and family
Social support
(practical)
The dietitian will encourage the whole family (both
with and without FH) to engage in the dietary and
PA guidelines to provide support to the individuals
taking part in intervention.
People how have grown up
with other family members
who have FH have the skills
and ability to follow the
guidelines themselves
Individuals who may struggle to be able to make
the changes required to meet the guidelines
encouraged to enlist help of family or friends to
help them with cooking or food shopping or
taking children to sport classes
Restructuring
the social
environment
The intervention is delivered at a family-based
level with parent and child making dietary and PA
choices together. Any other family members will
also be encouraged to make the changes aswell
to facilitate a home environment that encourages
adherence to the dietary and PA guidelines.
Reflective
motivation
Professional/
social role and
identity
When they had a genetic
diagnosis, as opposed to a
clinical diagnosis of ‘possible’
FH, individuals feel that
Persuasion Framing/
reframing
Guidelines communicated to individual as being
specifically for individuals with FH as opposed to
general healthy lifestyle guidelines provided to all
individuals. The inclusion of two specific dietary
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Table 2 COM-B and TDF analysis of the identified target behaviours influencing adherence to dietary and physical activity
guidelinesa (Continued)
COM-B TDF Domain Relevance of domain Appropriate
intervention
function(s)
Behaviour
change
technique(s)
Description of how behaviour change technique
will be incorporated into intervention
following guidelines are a
natural part of their identity
as someone with FH
guidelines for individuals with FH such as eating
foods fortified with plant stanols/sterols and
reducing dietary cholesterol intakes will help
individuals to buy into the idea that following the
guidelines is part of their identity of having FH.
The benefits of following the guidelines in the
management of their FH will be emphasised, in
addition to general overall health benefits.
Beliefs about
capabilities
Lack of confidence in ability
to adhere to guidelines as
they are perceived as being
restrictive (dietary) and
difficult to follow (dietary
and PA)
Persuasion Framing/
reframing
Dietary guidelines to be communicated as a
healthy lifestyle rather than a restrictive diet, with
all foods permitted. Emphasis will be put on foods
to add into the diet (fruits, vegetables, fibre rich
foods, plant sterols/stanols) to help individual view
dietary choices are positive and enjoyable.
Physical activity to be communicated positively,
with emphasis placed upon finding activities that
the individual enjoys doing, either alone or with
friends or family, rather than it being a chore they
have to try and fit into their day without enjoying it.
Verbal
persuasion
about
capabilities
Dietitian to encourage individual and tell them
that they are capable of changing their behaviours-
to be included during initial session and follow-ups.
Focus on past
success
Individuals asked to keep weekly reflection diaries
to record progress in between follow-ups. Dietitian
to ask during follow-up what the individual has
recorded and to focus on any successful changes
they have made and refer back to these to provide
encouragement and motivation to individual to
carry on and make more changes.
Feedback on
outcomes of
behaviour
Individual to receive feedback about how their
dietary intakes and PA levels compare to the
guidelines at the start and end of the intervention
as evidence of their capability of adhering to the
guidelines to promote maintenance of behaviours
after intervention ended.
Beliefs about
consequences
Not believing that FH poses a
health risk so they do not feel
the need to follow guidelines.
Education Information
about health
consequences
The intervention starts with explanation from
dietitian about the importance of lifestyle guidelines
in the management of FH. It will be explained that
despite use of medication, many individuals with
FH may still be at higher risk of cardiovascular
disease and adherence to lifestyle guidelines can
help reduce this risk. The benefits to their overall
health will also be communicated.
Individuals to be informed about the ‘silent’ nature
of cholesterol and the importance of keeping
cholesterol as low as possible for your whole life,
before any symptoms occur.
Especially salient in people
who are asymptomatic and
people who do not have a
family history of FH
Persuasion Credible
sources
Intervention delivered by a dietitian who will
explain the training they have undertaken to gain
that title- to help individual recognise that their
advice is credible. All individuals will also be
informed that their doctor is aware and supportive
of them receiving the intervention as they view it
as being part of their clinical care.
As they are taking
medication, they feel
absolved from the need for
following the guidelines.
Individual to be receive verbal and written advice
about the guidelines which will include information
about where the guidelines have come from-
national committees across several countries who
have reviewed all the available scientific evidence
and come to same conclusion about the guidelines
Individuals do not believe
that following the guidelines
will impact on their health
outcomes.
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Table 2 COM-B and TDF analysis of the identified target behaviours influencing adherence to dietary and physical activity
guidelinesa (Continued)
COM-B TDF Domain Relevance of domain Appropriate
intervention
function(s)
Behaviour
change
technique(s)
Description of how behaviour change technique
will be incorporated into intervention
that individuals with FH should be following.
Biofeedback Individual to be provided with weight, body fat %
and blood pressure before starting the intervention
to prompt adoption of guidelines- either to
improve these figures or maintain them. Also will
be provided with this information at the end of
the intervention to compare with their results at
the start of the intervention which will be discussed
in relation to the behaviour changes made over
the intervention.
Intentions When people become
parents, their intentions to
look after their own health
increases as they feel
responsible to live longer
for their children
Persuasion Comparative
imaging of
future
outcomes
Dietitian to prompt individual to think about what
the possible health outcomes would be if they
choose to follow guidelines vs if they chose not
to- with emphasis on what this would mean for
their children or parents.
Identification
of self as role
model
Dietitian to emphasis to parent that CA are heavily
influenced by their behaviours, to encourage them
to engage in guidelines for the sake of their childs
health.
Information
about health
consequences
Individuals to be informed about the ‘silent’ nature
of cholesterol and the importance of keeping
cholesterol as low as possible for your whole life,
before any symptoms occur. The importance of
the role of lifestyle guidelines to be discussed in
context of benefits they provide over and above
medication alone.
Children and young adults
do not have the intention
to deal with their condition
yet
Goals Individuals desire to be
actively involved in treatment
decisions for themselves and
their children
Enablement Goal setting
(behavioural)
Individuals will decide (with help from dietitian
and family members) upon goals for each of the
guidelines and will be recorded in their intervention
booklets. These goals will be SMART in nature and
will be tailored toward the individuals individual
circumstances, lifestyles and food preferences and
readiness to change. Goals will not be prescribed-
individual encouraged to think of them themselves.
Parents will be encouraged to help CA with
setting their goals.
Review goal
(behavioural)
At each follow-up session, dietitian and individual
will review the goals set at previous session or
follow-up. Together they will agree to either: keep
goal the same, modify the goal or create new goal.
These decisions will be based upon individuals
levels of achievement and willingness to change.
Self-monitoring
of behaviour
Individual asked to record their achievement with
the goals they set in weekly reflection diaries to
be discussed at each follow-up sessions.
Optimism Not found to be relevant
Automatic
motivation
Reinforcement Parents are incentivised to
enable child to follow
guidelines to ensure that the
child will achieve the best
possible health outcomes
Persuasion Identification
of self as role
model
Dietitian to emphasis to parent that CA are heavily
influenced by their behaviours, to encourage them
to engage in lifestyle guidelines for the sake of
their childs health.
Comparative
imaging of
future
outcomes
Dietitian to prompt individual to think about what
the possible health outcomes would be if they
choose to follow lifestyle guidelines vs if they
chose not to- with emphasis on what this would
mean for their children or parents.
Parents are also incentivised
to take care of themselves so
that they are healthy and
Framing/
reframing
Individual prompted to view engaging in the
behaviours as something that will benefit their
children, rather than just themselves.
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the diet and physical activity intervention and ‘guidelines’
will be in the format of a suggested protocol for the delivery
and content of the intervention, to be implemented in lipid
clinics, subject to the outcomes of the feasibility trial.
Step 6: identify behaviour change techniques
Table 2 displays the twenty-six BCTs identified for inclu-
sion in the intervention following evaluation using the
APEASE criteria. Each BCT aims to addresses both phys-
ical activity and dietary behaviours unless specifically
stated otherwise. Details of how each BCT will be incor-
porated into the intervention are displayed in Table 2.
Step 7: identify the mode of delivery
The decisions regarding mode of delivery have been
broken down into: Provider, Recipients, Intensity and
Fidelity.
Provider The current recommendations for provision of
care to individuals with FH in England state that the life-
style advice should be delivered by a healthcare profes-
sional with the relevant knowledge in nutrition [13] and
therefore it was decided that a dietitian would deliver
the intervention.
Recipients The greatest reductions in CVD risk in indi-
viduals with FH are evident in those who commence
treatment from a young age [46, 47] and thus, the re-
search team decided the intervention would have most
benefit if delivered to children and adolescents with FH.
The genetic pattern of inheritance means that every
individual with FH will have one affected parent, and
findings from the QES highlight the importance of es-
tablishing healthy lifestyle behaviour habits from a young
age and having other family members engaging in the
behaviours. These findings suggest that delivering the
intervention to families may increase the chances of be-
haviour change and therefore the intervention is being
delivered to parent and child dyads.
Intensity With an estimated prevalence of 1 in 250 [5],
it is essential that the intervention is pragmatic with the
potential to be delivered within the time and budget
constraints of current health services. As an initial diet-
etic consultation usually takes 30 min, the decision was
made for the intervention to be delivered in 60min to
optimise delivery to two individuals. The PPI group
feedback was that a one-hour session would be accept-
able, but that they may struggle with motivation and
suggested follow-up sessions. Participants stated that it
may be difficult to attend more visits to the hospital and
suggested that they would prefer telephone follow-ups.
This was considered more appropriate than emails as
many said they did not regularly check their personal
emails. Based on these findings, the intervention is
through a one-hour face to face consultation and four
follow-up phone calls. For the purpose of evaluation
within the feasibility trial, the follow-up period is 12
weeks.
Fidelity To ensure the intervention is delivered as
intended, checklists were created for completion by the
Table 2 COM-B and TDF analysis of the identified target behaviours influencing adherence to dietary and physical activity
guidelinesa (Continued)
COM-B TDF Domain Relevance of domain Appropriate
intervention
function(s)
Behaviour
change
technique(s)
Description of how behaviour change technique
will be incorporated into intervention
able to take care of their child. Enablement Social support
(emotional)
Dietitian to encourage parent and CA to provide
support to each other throughout the intervention
and encourage each other to engage in the
behaviours
Emotion Individuals who themselves,
or their family members,
have experienced CVD
symptoms experience stress
and anxiety about the long-
term health outcomes related
to FH
Persuasion Framing/
reframing
Individual prompted to view the guidelines as
behaviours that can help reduce their risk of
developing symptoms as their family members
have, or reduce the likelihood of experiencing
further symptoms. They are something the
individual can do to help take control of their
health.
Comparative
imaging of
future
outcomes
Dietitian to prompt individual to think about what
the possible health outcomes would be if they
choose to follow guidelines vs if they chose not to.
Social support
(emotional)
Dietitian to encourage parent and CA to provide
support to each other throughout the intervention
and encourage each other to engage in the
guidelines
a ‘guidelines’ refers to both dietary and physical activity guidelines. In instances where only dietary or only physical activity guidelines are being referred to, this is
specifically stated. CA: children and adolescents; SMART: specific, measurable, acceptable, realistic, time based
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dietitian during each initial and follow-up session
(Additional file 3). These checklists provide detailed
information about the content that is intended to be
covered during each session. A brief overview of the
intended intervention content and the aims for the
participant are displayed in Table 3, alongside the
BCTs intended to be incorporated for each section of
the initial session and the follow up sessions. The level of
detail in the checklist provided to the dietitian is intended
to act as a script for the sessions with suggested prompts
and questions provided at relevant points to facilitate
participant involvement. To facilitate the subsequent
evaluation of the intervention, alongside completion of the
checklists, the dietitian completes a detailed reflection of
each session in which they will record details of content
covered and the BCTs utilised by themselves and the par-
ticipants. To further facilitate the intended delivery of the
intervention content and enable individuals to engage in
the lifestyle behaviours on their own at home, age appro-
priate intervention booklets were designed: one for chil-
dren 10–13 years and one for individuals aged 14 years
and over. (Additional file 4).
Discussion
This paper reports the systematic development of an
intervention designed to improve the dietary and physical
activity behaviours in individuals with FH. A behavioural
analysis was carried out upon the findings of a QES fol-
lowing the steps outlined in the Behaviour Change Wheel
(BCW) guidance. In addition, a taxonomy of behaviour
change (BCTTv1) was applied to select the Behaviour
Change Techniques (BCTs) most appropriate to bring
about the desired changes in behaviour and inform the
content of the intervention. To our knowledge this is the
first study to use this approach in the development of a
behaviour change intervention for individuals with FH. It
is anticipated that the use of this systematic approach will
increase the potential efficacy of the intervention and en-
able an evaluation to be conducted to gain a comprehen-
sive understanding of the intervention effects.
Twelve of the fourteen domains from the Theoretical
Domains Framework (TDF) were found to be relevant to
dietary and physical activity behaviours in individuals
with FH. These behaviours have been reported to be in-
fluenced by several of the same theoretical constructs in
research carried out in individuals with other chronic
conditions including Type II diabetes [48] and kidney
disease [49] and in those at risk of cardiovascular disease
[50]. In all cases, multiple theoretical constructs were
found to be relevant, demonstrating the multifactorial
nature of these behaviours and the importance of con-
sidering a wide range of potential influences when devel-
oping interventions. The present research identified
additional relevant constructs such as beliefs about
consequences not found in Type II diabetes and
reinforcement and emotion not identified in those with
chronic kidney disease. This may reflect the unique con-
text that living with FH presents and/or our analysis of
QES findings which represents the experiences of a
wider range of individuals.
Of the research discussed, the additional step whereby
identified theoretical constructs are linked to active ingredi-
ents for use in an intervention has only reported for those
at high risk of CVD. This research identified 12 BCTs for
inclusion, of which 10 were BCTs included in the current
intervention. Systematic reviews of interventions targeting
physical activity and dietary behaviours which retrospect-
ively identified BCTs have reported a wide range of BCTs
across interventions, the majority of which were identified
in the current research [25, 28, 29, 51, 52]. In all cases, the
additional BCTs used in previous, or suggested for use in
future interventions, were identified as being relevant but
not included in the current research due to not meeting
APEASE criteria. This included biofeedback and techniques
related to incentivisation and restriction intervention func-
tions. All five systematic reviews concluded that previous
interventions have not been adequately described to allow
for reliable analysis of efficacy and that the design and con-
tent of all future interventions should be explicitly reported
[25, 28, 29, 51, 52]. The systematic review conducted by the
American Heart Association (AHA) provided graded
evidence-based recommendations from their findings and
concluded there was most evidence to support the inclu-
sion of BCTs related to goal setting, feedback on goals, self-
monitoring and/or self-efficacy [52]. While some BCTs
were more frequently included, such as those related to
goals, monitoring, knowledge and feedback, there was in-
sufficient evidence from the other four systematic reviews
to identify which BCTs would be most effective. Further-
more, all reviews included only trials involving adults and
therefore their results may not be transferable for applica-
tion in this trial which aims to target the behaviours of chil-
dren and adults. This is the rationale behind the decision to
include all twenty-six BCTs that met the APEASE criteria
in the current intervention.
A previous intervention designed to improve the diet-
ary and physical activity behaviours of individuals with
FH shared many similarities to the current intervention
[22]. Participants received an hour-long individualised
counselling session followed by telephone follow-ups in
addition to access to online learning modules. Many of
the theoretical constructs that were targeted were similar
to the current intervention as were the techniques to
bring about change such as action planning, goal setting
and information about health consequences [22]. How-
ever, the findings from the process evaluation suggest
the intervention was not successful in increasing motiv-
ation to change, with less than a third of participants
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Table 3 Detailed break-down of intervention content and incorporated BCTs
Section Aim(s) for participants Incorporated BCTs
Scientific rationale To understand the importance of diet and physical
activity in the management of FH and for their
overall health.
Information about health consequences, credible sources,
biofeedback, information about emotional consequences,
identification of self as a role model, comparative imaging
of future outcomes
To be aware of the importance placed on diet and
PA by national and international guidelines for FH
and the current recommendations that all FH
patients should receive individualised advice about
diet & physical activity
To understand that the earlier treatment for FH
starts, the more effective it is, and this is why it is
important to optimise diet and physical activity
from a young age
Dietary guidelines
education
To increase knowledge of what a healthy balanced
diet looks like, including the food groups and the
proportion each one should make to diet
Instruction on how to perform behaviour, demonstration
of the behaviour, behavioural practice/rehearsal, behaviour
substitution, framing/re-framing
To increase knowledge of what the 5 dietary
targets of the intervention are
To understand why each target is important for
their health and for the management of their FH
To understand what foods to include/exclude
and/or increase/decrease consumption of to
achieve targets
Physical activity
guidelines education
To increase knowledge of what the physical
activity recommendations are for the
individuals age
To increase knowledge of physical activity
intensities (i.e. low, moderate and vigorous) and
what types of activity fall into these intensity
groups
To understand how to incorporate more physical
activity into everyday life to help increase levels
to recommended amounts (or more)
Goal setting Work with the dietitian to develop SMART goals
for each target behaviour. These will be changes
to their lifestyle that they agree to make over the
following 12 weeks to achieve nutritional intakes
and PA levels closer to the targets.
Goal setting (behavioural), behaviour substitution, action
planning, prompts and cues, Restructuring the physical
environment, identification of self as a role model,
Restructuring the social environment
Barriers and solutions To identify potential barriers that may prevent
individuals from meeting their goals
behaviour substitution, behaviour substitution, prompts
and cues, Information about antecedents, Restructuring the
physical environment, problem solving, Restructuring the
social environmentTo identify, through discussion with dietitian and
family, solutions
Wrap up & instructions An opportunity to ask any unanswered questions Social support (emotional), verbal persuasion about
capabilities
Receive encouragement & motivation from
dietitian
To understand the purpose of the weekly
reflection diaries and know how to fill them out
Follow-up sessions
(weeks 2,4, 8 and 11)
To review with dietitian their progress towards
goals set at previous session
Self-monitoring of behaviour, review behavioural goal(s),
behaviour substitution, behaviour substitution, prompts and
cues, Information about antecedents, Restructuring the
physical environment, identification of self as a role model,
problem solving, social support (practical), Social support
(emotional), verbal persuasion about capabilities, Focus on
past success, Feedback on outcomes of behaviour
To adjust goals accordingly, with help of dietitian,
to facilitate attainment
Brainstorm solutions to any identified barriers to
achievement recorded in reflection diaries
To receive encouragement and motivation from
dietitian
SMART specific, measurable, acceptable, realistic, time based
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completing any of the available online modules and
making action plans [53]. This may be explained by the
assumption of the I-Change model used in intervention
development that increasing knowledge and awareness
alone are capable of evoking sufficient motivation to
promote engagement in the behaviours. The behavioural
analysis undertaken in the present study found the re-
flective motivation component and its component do-
mains are important theoretical constructs to target in
individuals with FH. It may be that these constructs
were not adequately considered in the design of the pre-
vious intervention [22]. With the inclusion of several
BCTs to target these constructs in the present interven-
tion it is anticipated that individuals will be motivated to
engage and proceed to developing their capability to
achieve the desired changes in behaviour.
Strengths
The QES synthesised the experiences and beliefs of 264 in-
dividuals with FH, and 13 of their family members, from
eight countries. This provided a rich insight into the unique
context in which individuals with FH engage in the behav-
iours targeted by the intervention. It is anticipated that this
approach will increase the efficacy of the intervention to
bring about behaviour change in a wider range of individ-
uals, as opposed to an intervention based upon the findings
of a single qualitative study. The behavioural analysis con-
ducted provided a systematic method of analysis to gain a
theoretical understanding of the behaviours and the factors
influencing them. This allowed for identification of the rele-
vant theoretical constructs to target, and the most appro-
priate techniques to do so, in order to evoke behaviour
change in this specific population group. This overcomes
the limitations of applying a fixed theoretical model of be-
haviour change which may not address the unique situa-
tions faced by individuals with FH.
Limitations
Firstly, although findings from the QES, on which the
intervention was based, overcame some of the transfer-
ability issues of individual qualitative studies [38] the
sample represents only individuals from developed coun-
tries, most of whom were highly educated and white
European. Therefore, the active components of the inter-
vention may not address all the theoretical constructs
required to bring about behaviour change in individuals
from different backgrounds.
Secondly, the BCTs for each identified intervention
function were selected using links proposed and sug-
gested for use in the original BCW guidance [42]. This
was conducted prior to becoming aware of the mapping
work which is currently being undertaken to further
understand and define the links between BCTs and the-
oretical constructs [54–56]. Any future research should
use the newly available Theory and Techniques tool
(https://theoryandtechniquetool.humanbehaviourchange.
org/) when selecting and evaluating the BCTs included
in an intervention.
Further research
The developed intervention will now undergo a compre-
hensive evaluation to determine its potential efficacy and
acceptability within a randomised controlled pilot feasi-
bility trial (ISRCTN24880714). In recognition of the lim-
itations described above, the proposed feasibility trial
aims to recruit individuals from a wide variety of social
and ethnic backgrounds to determine if these factors
affect recruitment and intervention efficacy. The object-
ive measures of physical activity and the online dietary
intake tool which are being utilised in the feasibility trial
are validated methods and will provide reliable measures
of the efficacy of the intervention.
There is currently no gold standard approach to asses-
sing the effectiveness of specific, or combinations of,
BCTs in research trials [57]. Given the large amount of
BCTs included, the initial evaluation carried out upon
the results of the pilot trial will focus upon the feasibility
and acceptability of delivering the intervention as pro-
posed. These will be assessed using the fidelity checklists
and detailed reflections completed by the dietitians
following each intervention session and qualitative inter-
views conducted with a sub-sample of the participants.
These data will be examined to identify the frequency
with which each BCT was included in the delivery of the
intervention by the dietitians and the usage frequency of
the BCTs requiring participant engagement by the par-
ticipants throughout the intervention period. The data
will also be examined to identify the BCTs that were
perceived to be fundamental in promoting behaviour
change by both the dietitians and the participants. These
results will then also be used to conduct preliminary
analysis on the potential efficacy of individual, or groups
of BCTs, selected. This will be carried out through ex-
ploration of the effect of the omission of any BCT(s) by
the dietitian (as captured by fidelity checklist and reflec-
tions) or self-reported non engagement with any BCT(s)
(as captured through qualitative interviews and dietitian
reflections). The inter-individual variation in participant
engagement or BCT effectiveness will be explored to
understand the effect of factors such as age and gender.
These results will enable refinement of the intervention,
if required, before undergoing a more comprehensive
evaluation in a fully powered randomised controlled
trial.
Conclusion
The novel application of the Behaviour Change Wheel
to the findings of a qualitative evidence synthesis has
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enabled the development of a behaviour change inter-
vention targeting dietary and physical activity behaviours
in children and adults with FH. The explicit account of
the development process and content of this interven-
tion faciltates the application of a subsequent in-depth
evaluation to determine the efficacy of the BCTs selected
for inclusion. This evaulation is now being carried out as
part of a feasibility trial which will allow this intervention
to be refined and replicated in other contexts. Further-
more, this clear and transparent report of the develop-
ment of an intervention for individuals with FH can be
used to guide intervention development by researchers in
other healthcare contexts.
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